Abstract. Permanent magnet synchronous motor has replaced the dc motor in many occasions and become the mainstream in the servo system. But the dynamic model of the permanent magnet synchronous motor is a strongly coupled variable system. Permanent magnet flux in the machine under different operating conditions are considered constant, accuracy of the model was decreased. In this paper, current deviation of decoupling and current feedback decoupling were compared for the current loop current coupling problem, a more accurate model was established. On the basis of the current inner loop optimization, position feed-forward controller was adopted to optimize the system of position loop.
Introduction
Permanent magnet synchronous motor has the advantages of small size, light weight, high efficiency, high output torque, high power density, etc., it is widely used in industry. Fast driving response, strong anti-interference ability is required in place of some high-performance drive, such as robot, numerical control machine tool system, etc [1] . Therefore, it has important theoretical and practical value to study the high performance drive and servo control system of PMSM.
There are three main control loop of PMSM servo system, position loop, speed loop and current loop, the current loop is the inner loop of the system, the response frequency is required fastest, it is the basic of high performance servo system [2] . Dynamic coupling between D and Q can not be eliminated in permanent magnet synchronous motor model, which creates a lower current control accuracy, the dynamic performance becomes poor [3] [4] . For the speed loop, the traditional vector control of the PID regulation is insufficient, more appropriate control strategies are needed to make the system stability and robustness [5] . At present, the servo system is becoming higher, not only higher positioning accuracy, no overshoot, but also quick response are needed in position servo system. It is very difficult to meet the requirements with simple proportional or proportional integral controller [6] .
In this paper, current deviation of decoupling and current feedback decoupling were compared for the current loop current coupling problem, a more accurate model was established. On the basis of the current inner loop optimization, position feed-forward controller was adopted to optimize the system of position loop. Simulation results show that the system response speed has been greatly improved, and the following conditions of position signal are improved significantly.
Mathematical Model of PMSM
For the PMSM, control strategy of i d = 0 is adopted in the paper, voltage equation of permanent magnet synchronous motor based on synchronous rotating dq coordinate system: 
(3) where P n is the number of motor pole. Fig.1 shows the structure diagram of PMSM vector control system with i d =0. Cascade structure of speed control loop and torque control loop is used in the system, current loop is the inner loop, speed and position loop are outer ring. Comparing the speed command ω* with the speed response ω, the difference is used as the input of the speed regulator. Comparing the current command i q with the current response i q *, the difference is used as the input of the current regulator, the output of the regulator is electromagnetic torque. Fig. 1 Block diagram of vector control system for PMSM
Optimization of PMSM system
The dynamic model of permanent magnet synchronous motor is a high order, nonlinear and strong coupling system, in this chapter, deviation decoupling is used to optimize the model of the motor, feed forward controller is used to optimize the response speed and accuracy of the system. Current feedback decoupling control of PMSM. Coupling effect of permanent magnet synchronous motor can be compensated by feed forward compensation, coupling term of d and q axis voltage equation are introduced at the d and q axis output of current controller, Fig.2 shows the diagram of current feedback decoupling control.
Fig.2 Diagram of current feedback decoupling Fig. 3 Diagram of current deviation decoupling
Current deviation decoupling control of PMSM. Current command and current response are calculated to get the coupling voltage in the current deviation decoupling control, and the coupling voltage will be added at the output of the controller. Current deviation decoupling controller can be divided into direct controller (G1, G2) and cross controller(G3, G4), decoupling branch is used to offset the internal coupling effect of permanent magnet synchronous motor, decoupling control of motor is realized. Fig.3 shows the diagram of current deviation decoupling control.
Ignore the anti electromotive force (Assuming that f  has been fully compensated), the following equation is derived from Figure 4 : i , and has nothing to do with
Complete decoupling is implemented according to the type selection of G3, G4. Signal input point has been moved from the front end of the controller to the end of the controller, Fig.4 shows the diagram of current deviation decoupling control. 
System error is:
Therefore,
The coefficient of R(s) is the closed-loop transfer function of system, the value of the coefficient is not 1, feed-forward control increase the feed-forward function to make the closed-loop transfer function value is 1. The purpose of the feed-forward compensation is to make the input value and output value can be achieved exactly the same, error is compensated before the system error occurred. Fig. 6 Diagram of feed-forward compensation system transfer function block Fig.6 shows the diagram of feed-forward compensation system transfer function block, the closed-loop transfer function of system is:
Therefore, the value of the closed-loop transfer function is 1 when       1
. System can realize the output and input no matter whether signal is a slope or acceleration signal:
Eq.11 shows that position feed-forward compensation function consists of feed-forward velocity function and feed-forward acceleration function, velocity and acceleration are compensated, the location of the system response improved greatly.
Simulation and Analysis
This system is composed of position loop, speed loop and current loop, the texting is from inside to outside of system. Simulation experiments based on id = 0 vector control of Matlab. Motor parameters: rated power 1500W, rated torque 5N.m, rated speed 3000r/min, rated current 15A, moment of inertia 9.2×10 Fig.7 shows the I q waveform for the system without decoupling, when the motor starts, I q cannot be good to follow the instructions, and when the torque fluctuations, the maximum current fluctuation is about 20A. Fig.9 shows the I q waveform for the system with current feedback decoupling. By comparison, we can see that the following instruction of q axis current has improved. Fig.11 shows the I q waveform for the system with current deviation decoupling, it can be seen by comparing Fig.7 , Fig.11 and Fig.9 that the following instruction of q axis current got futher enhanced, only about 15A, the optimization effect is obvious. Fig.8 shows the Id waveform for the system without decoupling, when the motor starts, there is a big wave in I d , the peak is close to 20A. Fig.10 shows the Id waveform for the system with current feedback decoupling, volatility circuit is improved, the peak is about 10A. Fig.12 shows the Id waveform for the system with current deviation decoupling. By comparing the Fig.8 and Fig.10 and Fig.12 shows, d-axis current fluctuations have improved significantly after current deviation decoupling, the peak is only about 6A.
Resistance inductance values are presumed to be constant when most system modeling, but it is not realistic, therefore, the situation of resistance and inductance error exists should be studied. Fig.  13~16 shows the current respectively when parameters estimated error, where By comparing the Fig.13, 14 and Fig.9 , 10, when there are error parameters, system optimization effect is obvious poor. By comparing the Fig.15, 16 and Fig.11, 12 , when there are error parameters, optimization results do not change in the system, which proves that the current deviation decoupling control has a strong robustness.
The position signal command is a signal of 110°,5Hz, Fig.17 and Fig.18 show the following conditions of position signal. Fig.18 shows the following conditions of position signal with feed-forward controller. When the PI controller is adopted in the system, the position response can not follow the position command well, error always exists. But when the feed-forward controller is adopted in the system, the response speed of the system is improved, position signals can be accurately followed in 0.02 seconds, the position input signal is almost the same as the feedback signal, and the optimization effect is very obvious.
Conclusion
Simulation results show, the control strategy proposed in this paper has achieved good results. The optimization effect mainly has the following points: (1) The following instruction of q axis current got enhanced and d-axis current fluctuations have improved significantly after current deviation decoupling; (2)Compared to the traditional decoupling method, the current deviation decoupling control has a stronger robustness; (3) The position input signal is almost the same as the feedback signal, and the optimization effect is very obvious.
